In this study, we attempted to solubilize protein in slaughter blood (SB) using ultrasonic technology. The application of ultrasonic technology can make enzymatic degradation of SB more effective, which has no comparable alternative for treatment. The SB was homogenized by grinding it for 10 minutes at 10,000 rpm as a pretreatment for preventing its clotting, and then ultrasonic treatment was attempted to solubilize protein in SB. To maximize the efficiency of ultrasonic treatment for SB, the optimum condition of ultrasonic frequency (UF) was determined to be 20 kHz. To optimize the operation conditions of ultrasonification with 20 kHz of frequency, we used response surface methodology (RSM) based on ultrasonic density (UD) and ultrasonification time (UT). The solubilization rate (SR) of protein (%) was calculated to be 101.304 -19.4205 X 1 + 0.0398 X 2 + 7.9411 X 1 2 + 0.0001 X 2 2 + 0.0455 X 1 X 2 . From the results of the RSM study, the optimum conditions of UD and UT were determined at 0.5 W/mL and 22 minutes, respectively, and SB treated under these conditions was estimated to have a 95% SR. Also, experimentally, a 95.53% SR was observed under same conditions, accurately reflecting the theoretical prediction of 95%. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Introduction
slaughtered, which is an increase of 13.8% for cattle, 29.6% for pigs, 3.7% for chickens, 5.7% 5 for ducks against 2011 figures. With this increase in slaughter, the amount of blood produced 6 has proportionally increased. Generally, slaughter blood (SB) makes up about 3.5% of the live 7 weight, and the SB generated from each animal is 7∼8 L for cattle, 3∼4 L for pigs, and 34 8 ml and 51 ml for chickens and ducks, respectively [1, 2] . According to the annual amount of 9 slaughter, blood from slaughtered pigs was calculated to be approximately 42 thousand tons in 10 2012. In Korea, of the SB produced, blood of cattle is consumed mostly for making food and 11 blood of chickens and ducks are recycled with other by-products, while the blood of the pigs 12 is mostly treated as a waste product. Annually, the amount of this wasted pig blood has been 13 steadily increasing, except for the year 2011, when the breeding scale decreased due to an 14 outbreak of foot-and-mouth disease.
15
SB is prohibited from disposal in the ocean through the enforcement of the 1996 Protocol and 16 treaty of MARPOL, as amended, and accordingly, tremendous amounts of expenditure are 17 required for the operation of treatment facilities for SB. Hence, it is desirable to develop 18 technologies which can treat and utilize SB as resource rather than a waste and this study aims 19 to produce amino acid liquefied fertilizer using the protein of SB.
20
In general, SB can be fractionated into liquid called plasma and a solid, which is mostly 21 composed of red blood cells (RBCs Fig. 1 shows ultrasonic treatment system which were used in this experiment. The blood 61 clotting begins at the moment the blood is exposed to air. To homogenize the clotted blood, a 62 grinder operated in the range of 3,000 ~ 15,000 rpm was used. The ultrasonic system for the 63 solubilization of protein in SB was composed of an ultrasonic generator and reactor section.
64
The ultrasonic generator section included a converter, control module, transducer and horn tip.
65
The horn tip has a low-frequencies range of 20, 24, 28 kHz, which is effective for cell 66 disruption, and the maximum powers at these frequencies are 2,000 W, 1,000 W and 300 W, 
Method

73
In this study, 2L of SB was treated by a grinder which it was operated for 10 min at 10,000 
Where η is the predicted response, x i and x j are the input variables, β 0 is the intercept term, β i 119 is the linear effects, β ii is the squared effect, and β ij is the interaction tern. 
Changes in Slaughter Blood with Different Ultrasonic Frequency
136
In this research, SB of all experiments was homogenized using a grinder for 10 min at 10,000 137 rpm because SB starts to clot upon collection. The blood was treated with ultrasound for one 138 hour in 2 W/mL of maximum UD to find out solubilization of SB by frequencies and the 139 optimal frequency was then chosen. The solubilization of hemoglobin protein in blood cells of 140 SB according to the pre-treatment under each ultrasonic frequency (UF) is shown in Table 3 . The results of the experiment demonstrate that the concentration of hemoglobin was highest 149 when UF was applied at 20 kHz and SR was 96.87%. SRs at 24 kHz and 28 kHz of UF were 150 94.72% and 94.61%, respectively. The optimal frequency was determined to be 20 kHz. It was confirmed that the protein SR was the highest with 97.72% in 0.5 W/mL of UD at 60 163 min, and the lowest with 91% in 1.0 W/mL at 10 min. In general it is widely known that when 164 the UD increases, ultrasonic efficiency is improved. But, in this experiment, ultrasonic 165 efficiency by UD is not significantly different because SR has little the change according 0.1 166 ~2.0 W/mL of UD under condition of equivalent UT and the 95% of SR set to an objective 167 value, and as UT was extended, the SR was increased. It is considered that the blood was not 168 affected by UD because it underwent hemolysis with minimal physical force which it such as 169 sheer stress to active cavitation bubble has lower occurrence.
170
The regression coefficients of the second order equation were calculated using the designed The distribution of residuals was analyzed to evaluate the adequacy of the model obtained 
Optimization of Ultrasonification of Slaughter Blood
207
The main effect plot is appropriate for analyzing data in a designed experiment, with respect 208 to important factors. The main effect plot of two variables (UD and UT) of SR is shown in Fig.   209 3 Note the slope of the effect is larger, the larger the effect, the experiment of UT results in increases with as the experiment is continued. In this study, an optimal response condition 220 which minimizes the variables by using the presumed response surface model and response 221 surface plot on the basis of the set objective of 95% SR was determined considering economic 222 factor because it was noneconomic that the increase of UT consumes too much the power 223 consumption, and to quantify it further, it was calculated using a desirability function. 
